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I H PASS JETTIES. .—TEN YEARS’ PRAC- 
TEACHINGS IN AND HARBOR 


yeas ago, ab this wey time o of the year, an and heated 


on the subject. of improving the mouth of the Mississippi 
4 -‘River was at its climax in Congress and in the public press. . Two bills 


before containing the “proposition of Mr. James B. 

,M. Am. Soc. 6 E., for improving the mouth of the river r by 

means of jetties; the other, a bill presented through the Army Engi- 
neers for the construction oft the Fort ‘St. Philip ¢ Canal, leading from the of 


to the bay, about 40 miles : ve the mouth of the riyer. 


to bear from ex prejudices and local in 


ea The result was the appointment of a commission shore the ae “a 
Civil and the U. 8. Coast Survey, which 
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“next session of Congress. “ The civil e1 engineers on that commission were 


Ww. ‘Milnor Roberts, M. Am. ‘Soc. CE »T. E. Sickles, M. 


C. E., all of whom, after 
of jetties in an exhaustive study of the 
favored and reported for | adoption of of the jetty plan. 
‘This is plan was by wah Government, a contract ‘entered 
was to make his 


vos 


¥ 


a to be aid only a after securing g the depths un and nee of channel ‘specified 


A ae to give general results and the practical lessons ns taught t by them. © 
The whole detailed and documentary history of the inception, 
Me ‘struction and the resulta, t up up to July, 1879, are re given in in the history of the” 


: = oe — | published by the writer i in 1880, to which reference is made for a 


“More particular study o of the subject, its conditions, dev svelopments of 


: @ review of te ten years’ work, i it is ne not possible much inte | 
but to present salient points only; the object being particularly ef 


= a The natural divi risions of the neemahens are: ‘The Work, The Results, The 


First. Work: Natural Conditions, Commercial Necessities, Fun- 


‘At New Orleans, 115 miles Gull: ot Mexico , the Mississippi 


“River i is 150 feet deep and half a mile v wide ; at the head of the Passes, q 2 
ex about 12 miles from the Gulf, the he depths ar are over 30 feet in et in the two” ; & 
Passes, and 15 feet in in the South Pass 


depths ; in the Passes themselves were greater: foot i in the: two 


ve S ‘ne ‘The depths on the crest of the bars in the Gulf, outside of the land, 


South Pass, ss, all measured at n mean n low water. 


that 9 miles off the bar the depth is feet; 5 ‘miles off 3000 feet, 


but: 10 p per at. of the volume of the ri 


z a Phe descent into the e deep water ¢ of the Gulf off South Pass bar is t : 
very rapid, commencing» with | 1 foot in 60, and gradually flattening out 


“age and farther out depths. of 24 miles can be found. pe oe 4 
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harge is about 250 000 per 


nik 
x9 before the ‘construction n of ‘the jetties was 300 feet at 
"Pass, 260 feet at Pass & Loutre, and 111 feet at South Pass. mei 


‘The slopes and of the r iver and ; 


when waters | leave the lat Jand’send end at the mouth of the 


and ‘uniform rate in a and stable channel, gradually 1 loses 
velocity an and drops its load of sediment. ean ‘As the dived the water e 

Sas - pands more and more to the e right and left, the depths in the e channel. 

going seaward continually d decrease ¢ as the frictional resistance 


r 
even to the o outermost crest of the bars, and then flows through a bed of 
salt water, gradually: widening t until it becomes a thin, light brown s sheet, 


whose line line of domarkation with the ‘green 8 water is s clearly defined, 


"pushes out its bars into this almost tidelees | sea, which in turn, by 


the success of the jetty plan, and the permanence of of the 

f 

: roduced by t the works, is the existence of the littoral or shore current a. 
the mouth of the South Pass. late. Mz. G. W. M. 


Soe. C. E., the resident 
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sent the great equatorial curr 


in if its resistless Course sround the Gulf of Mexico, , across and near 


: = _ the ‘mouth of the Passes, and that an eddy current commences there ond) 


: At the the head of the e South Pass, complications. existed i in the conditions, 3 
¥ which made it necessary to 0 study the subject very carefully before com- 


mencing the works. The problem of how to. deepen the inlet | channel 


far far more ‘difficult than any presented al the mouth of the Pass, 


When the natural conditions there existing ar are fully uz understood, it will 


artificial change in any of them must necessarily affect — 
ES all the others. No problem had ever before been solved in river hydran- — 


lies in which there were such tremendous forces and so ae — 


ributa g their “the Gulf through lands the ‘most 


. The territory. enriched by it 4 
contains 768 000000 acres of land ; 3 it would hold “one hundred and 


: “fifty states as large a as Massachusetts, and duplicate England twenty- 
over. Ibi is the | great arterial system of the Republic, and 


a¥ the mouth of the river is the natural gate-way to the world for ‘its im- 
4 mense and varied productions. But all this inland wealth « of 


and minerals was virtually land-locked by an obstructio 


river, which, wah these of deep draught vessels of tonnage, 


Was turning. rapidly to ‘other ports and to other ‘countries the commerce 
= the world, forcing als also the construction of expensive and artificial 


ag for improving the mouth of the Mississippi were: F irst, the rapid de- 


Hines 0 of transportation the mountains eastward. The special. reasons 


the valley, an and of carrying its products 


made in the inland of the river ‘and its 
ee which, f for many years, large ooume of money had been been expended by the 


a 


= ‘The following facts are given ons 0 


sity for i improving | the outlet of the r the river : q 
In February, 1859, committee from the New Orleans Chamber of 
visited the ‘mouth | of the river, and reported that the value 

dise delayed at the bar exportation, , $5 367 367 
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PY - the bar w: waiting to go ont, three o on the bars, and seventeen 


for sea, but w whose commanders deemed it prudent the 


wharves at New Orleans until there was a prospect of getting over the 
bar without detention. * One item of merchandise delayed at the bar 


tained for weeks. A month later, there were thirty- -five vessels inside 


was nearly 7 72 000 bales of cotton Many of the vessels: had been de- 


out tside at 


enchor waiting be towed in. 1872 to (1877 inclusive, 


total detention of 12 467 hours. It was during this* period t that the 


vessels grounded and were detained at “the mouth of ther river, with 2 a iy 


Government made * most strenuous exertions ‘to open a channel 
the bars by me means of dredge boats. 
dle’ narrow ditch not over 50 or 75 feet t wide at the es 18 feet 


deep, 5 miles long, was the only means by y which the 


a Mississippi Valley | could gi go out to the world. Th is ona 


artificial means, was filled up by sediment during ‘the ‘ood season mn of 


_ the year, or completely obliterated at times by as storm whieh 7 


the sand into the channel and fill it up 


The underlying principles of the improvement, ally enunciated 


‘Mr. Eads at the time, in Congressional documents, were substantially = 


he improvement of the mouth of the Mississippi by jetties consists — "4 ae 


inana artificial extension of the ‘natural banks of the Pass, from the a 
point where it commences to to widen and disappear in the Gulf, a 
the crest of the about miles distant. ~The Mississippi 
is simply a transporter of solid matter to | the sea. ‘This consists 


ope of sand and and alluvion which is held in suspension by the mechan- — 


ical effect of the current. a ‘At the Passes, after flowing for several miles 
through | a deep channel, bearing: onward without obstruction in its 


strong current, this sedimentary matter between narrow and wae Z 


banks, the river widens out at the South “Pass from about 
feet to about 2 miles. currents are continually 


up, and thus th thes shores of the Pass are re being. constantly built up i 


into dry 
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land. The strong central current, is maintained intact the 


reduced | depth o over which the stream passes, as it expands like a fish’ s 
- tail out to the bar. rd The “velocity: of the stream being maintained by 


ee shoaling i in n depth as it expands: in width, it is able to transport its « en- 
ty. ee tire load out beyond the bar, | excepting only that that which it has s dropped. 
on the submerged and incipient shores of the Pass. Although the 
ee rent is strong out across the bar, it is soon checked because of its im- 
Bes mense W width and and shallow v depth, by which fricti friction in proportion 
to volume i is produced. ‘Hence, the load is deposited just. onteide 


and its co constant outward growth i is thus assured, while the grow th = 


es of f the ai shores of the Pass Pass follows i in due order. It is a mistake ) to ) sup- 
pose that the Gulf presents a barrier to the onward flow of the stream 
% at the mouth of the Pass. . On reflection, it must seem reasonable that 
a ‘8 river should fi flow with less friction between walls of water than be | 
a = tween walls of earth. It has, however, no longer a descent of a few 
to the mile, hence must 1 maintain its current in the Gulf 
simply by its momentum. eo Friction on its sides and bottom is the agent — 
whi on it to rest ; but, w while its momentum lasts, the 


g out into the sea, final of ther river, will 


er, its: depth 380 feet, artificially them 

to the crest of the bar, still keeping them but 700 feet 
asunder, ead ‘should inevitably have 30 feet depth at the mouth of 
"these jetties, and the, great reduction of friction accomplished by 
rowing the channel to 700 feet will enable the momentum of the 


stream be kept up to a greatly increased distance beyond 
bar, and hence the river will be able to carry: “greater depths and 
= * into stronger Gulf currents that load which it is now only able to de- 


¥ ance which might b be mentioned, but which there is no tim time here to _ 


The p principles here enunciated, and others of perhaps equal import- 
4 
dwell upon, already had been to be ‘sound i in a work constructed 


under almost similar cor conditions at the Sulina mouth of the Danube. It 


ea - jetties in Europe, that made Gen. J. G.1 Barnard, M. Am. Soc. Cc. E., 


was a knowledge of t of this work, an and o of other important t improvements | by 7 é 4 


distinction from the other United States. Army an ear- 
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decided in favor of ‘the Fort St. Philip Canal, and | against the jetties), 
he made a forcible and eloquent ples for the jetty system as against the 
Fort St. Philip Canal, closing these memorable words: 
needs of a navigation 50 great as that which now exists, and which in 
‘the future of the great Mississippi Valley must be fifty-fold increased, 
demand it. It is said that the time has come” the needs of com- 
demand ‘the “canal; but I answer that the time ‘will come when 
¥ 


there will be the same ery for a navigation ‘unimpeded by locks—an on 


open river mouth—which we m now shear for a canal.” 
‘The distinguished civil engineer, Sir Chas. Hartley, Chief En- 


_ gineer of the European Commission of the Danube , ably advocated the a 
4 jetty system at t the of the Mississippi, being a ‘much more 


favorable location than that at the Danube, where the depth was in- 
from 9 to 21} feet. In his argument he states facts: about the 
‘edstion of ‘the bar advance at the caused by the con- 


‘struction . of the jetties, in which there had been an experienc of a 
years after er the completion of the jetties; he | says 
“ My conviction is that, , by i increasing the erosive powers of the cur- 
- rent, relatively to the depositing action, the piers 8 will have the effect, oe 
aes of accelerating the growth of the accretions of the sea bottom, but 
a greatly retarding it, Practically, therefore, I consider the 


element of bar be discarded from minds of the present 


1 by ‘the Boa of Army 
the Chief of on which they based their ‘published 


—That the jetties be at the sea ends ; 
.—That the foundation o1 on which they would rest wast unstable; 


Third. - That t there would be a greatly sccelerated | advance of 


> opinions were given in in official reports by three 


of ‘Engineers, 
another the present Chief of t Engineers, ana the ‘weet the officer in 


charge of the of the Gulf reference to the rapid 
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advance, after the construction of jetties the mouth of the South 


Pass, 670° feet, 2 240 feet, and (in the language of the third) “Jetties 
will havo t to! be built further and further out, not annually, but steadily. 4 


» to keep pas pace wi with: the of the river de- 


— 
ith these rates 

ber advance “would have ‘been to this date respectively three 


Cie of a mile (to where there is now a actually 160 feet depth « of 
water), two and one-half miles, and well out towards Cuba. 
_ Descriptions of of the works have on been given, net only in| the a 
‘papers read before this Society, but in the current periodicals, 
in the the “ History of the Jetties, ” the latter with full illustrations. It 
-_ willl be sufficient to state that the channel | width, as ny now exists hes 
a the works at the mouth of “the Pass, is about 700 ) feet. The @& 
length of the the East t Jetty is is about miles, and West Jetty 4 000 
= feet less, the sea ends s being ‘about opposite osite each other. ‘The j jetties wed 
built of willow mattresses, whose dimensions were ‘usually 2 feet thick, 


100 feet long, and from 20 to 50 feet w wide, sunk with Tip-rap, and angi’ : 


e eae at the outer ends by concrete blocks. - The jetties extend into to 30 


at At the heads of the Passes a variety © of methods were employed, most e 


of the dykes, however, being built of mattresses set on edge, with the 


object of checking o only the flow o of the current ; and inducing deposit, 
ot in its passage over the ‘shoal 


very ited that it t would be necessary t 
whole mighty of the river, ‘8 000 feet 30 and 


a velocity of feet | per second; for the dams and % 
dykes at the head of South Pass, while they deepened the channel into 


hat pass, also to deepen the channel through the two larger 


“passes, increasing their volume and ‘depleting that that of the South Pass. 
| To hold the Passes at their normal size, sills. or - submerged dams s were : 
entirely across on the beds of the Southwest Pass and Pass 
‘Loutre. e. The mi mattresses in these sills were § generally 30 to 40 feeb 
ee wide, 60 to 70 feet long, and 2 feet thick, so laid as to leave 1 no opening a 
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Detween # 
banks of on river to the works | at the head of the South niin ea 


r importancy ‘such a os closing Dayous and ‘work, 


at the of the first year’s “although. ‘the jetties were simply 


of uncompressed willows, holding w: within ‘the new channel only a 
por ortion of the volume of the Pass, yet important 1 results were | accom- 


~Pilisl ished. Everywhere the principle was illustrated that with a bed com- 


~ posed. of a yielding material, any obstruction, however small, will c: 


ae’ deepening somewhere in its vicinity. " Especially marked was | the 
result of the works built in the fe fall and winter of ‘1875. aa The river } rose 


n January, 1876, and the floods that had hitherto found a wide mouth © 


_ through which to discharge their waters now struggled to r reach | the ee 


through ¢ a contracted outlet. : Finding th he bar likea dam i in the « the channel 


‘they attacked i with, force, the first’ result of which | was, that 
a rapid a ind decided deepening 


channels ; but after a time uniformity i in section and 


disappeared ; channel became more navigable, the currents 
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a 
need not be described here. A general plan Was ugno a 
_ founded on the principle of concentration and utilization of the maxi- — — 
mum normal volume of the Pass. The channel required at the 4 
by the contract with the Government was 26 feet depth, 200 feet 
‘From the mom the 
A 
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d, full of ridges, mounds, 
= to the Gulf a most irregular channel appeared, full of ridges, — 
darity in the course of the channel took the place 
During the succeeding three years similar ‘developments were traced. 
pronounced irregularities in depths and alignment, due to the first 
= 
above the jetties was more and more noticeable. During these four years 
— _ of developing channel there were excavated by the accelerated current 


151 of materia) ton ‘the | bottom and | carried se seawar 


of the jetties i is 900 feet. The length of the 38-foot channel from East 
Point to the end of the jetties s is 10 350 feet, or over 2 miles. _ ‘The Teast 


290 fe feet. Beyond the jetties, between two ‘old lumps, ‘the 


és least depth is 31.8 feet, ‘and the least width of the 30-foot channel 70 q 
feet. Compared w with 1 the survey of May 2 22d of Inst year, the 40 feet 4 
depth then existing through the jetties i is found to have extended aia = 


ay As to the p permanence ¢ e the works, the test of nine ‘years, during ag 
3 least three of which the works were in an ‘incomplete ‘condition, attests — 


the of dykes built of willow and brush mattresses to stand intact 


4 their i inroads ‘to any great « extent. ‘There has 
tendency to ‘undermining at at the sea ends of of the jetties, though this was — 
one one of the ‘prophesied results. 1 The reason for this is, no doubt, that 


pin, 
pony and thrown the deep ¢ channel int strong. ‘current near the contre, 
— the first after completion the storms 


aling, but since then lines of interior and i ine 
built jetties have prevented this action of the v waves, the space between 
the main jetties and the interior jetties being quickly filled up by the ~~ 
deposits from river sediment and wave action. 


The s simple facts, that a deep channel exists at ‘mouth of the 


least 1 000 feet in width, ‘the: latest surveys show but slight 
- be = that the jetties since their c completion i in 1879 have not been advanced — 
Sa seaward one foot ; that befo before e they could 1 be completed th the -acceler- 


| 
| 
— oA 
has had charge OF all surveys for the Government since 16/0, the 
fs pe | __—_ ing facts have been obtained, taken from his charts of surveys of May 4 
The lencth of the 4h-foot channel from Fast Point to the end _ a 
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be undisturbed by almost any wave force. They have withstood also 
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 —_ oo _ @ted shore current across the face of the bar increased the depths s0 


2 foundations, as planned and actually laid, a 


300 feet beyond the e present and completed jetty end, —these are 
NS 
most s substantial and convincing ‘proofs of the | opinions advanced so 


earnestly ten years that the jetties would retard instead of acceler- 
-ate the seaward growth of the } bar. That i in the course of many ya ia 


- there may be a necessity for an ‘extension of the jetties it would be 


byt the jetties, the 977 000 000 cubic yards of solid matter discharged 


: rom the mouths of the river will at last show a general advance along : 
‘the whole line of the delta. The deposition of sediment now taking 4 


place on the » wings of the jetties beyand the ‘sea ends will be, however, 


be 
‘if anything, an advantage in any future ‘extensions, for it is ‘slowly 
bua up foundations for the work that it it may then be ) necessary to ei 
— 


them. Bi But for us and our posterity, it will only serve 


are abundant. The writer's s own observation and “experience co 
ss mc a him him beyond any possibility o of contradiction that there i is a sufficient cu 
rent across the face of the South Pass bar to accou 


able results ‘that m may seem to some simply 


Some of the works: and all the intermediate s spaces, 


formerly the waters: flowed feet in depth, are n now covered 
hrough the 
hannel between argon the South Pass there now exists a a 


ast depth being 35 feet, and the 30- foot 


275 feet wide at its narrowest point, and it may 
“here that ‘the least depth ‘through the South Pass itself is now 
wg \ - This branch of the subject would be unfairly dismissed 


without reference to the delicate and difficult 

lem at the of the successfully solved. In t this 
connection there 1 may well be recalled remark of that honored 
of our Society, Col. WwW. ‘Milnor Roberts, that the problem tc to be 
solved at the head of the Passes was the most t diffi of any 
under his ‘notice, with such n mighty | forces, | yet delicately 


Adjusted, and in pel and sensitive equilibrium | : Still furthe 
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me 


Fs 


inexpensive unsubstantial materials, which Nature - semingly places 


within n the reach of man for the e very ‘Here, by the gentlest 


4 influences, the mighty current is swayed ‘and directed, completely 


obedient to his will, > There is ‘no indeed, in the world, where 
are a vast volume of water is - placed under such absolute and perma- Se 
_ nent control b by the engineer, through methods sc so economic and simple, 
as those adopted at the | head of the Pames ¢ of the ° Mississippi River.” it 
The great an and sole « object of all these works, and those at the mouth 
oh of the ‘Pass, was the benefit of commerce. What has been done ? To 
that ‘vensels drawing from 25 26 of pass out with: 


out delay is not enough. To say that even deeper draught vessels 
_ can do this is 1 not enough, and i it is is not too much to ‘say that at the 
H 2 “entrance to to New Orleans from the sea ea is equal to t to that of az any large | port 
in the United States. ‘The effect on the business of this city can best be 
briefly told by the f former President of ‘Exchange, Gen, 
Oyrns Bussey, who stated i in a letter written June 10th, 1884: “I 
is able to report that all that was. predicted for the jetties has been realized, — 
and more. Ever since their acceptance by the United States Govern 


ae 4 ment ~ 1879, there has been no complaint of delay at the ‘mouth of 


the river, except i in very rare cases, , when vessels have been run out of a 


the channel. el. At all times there has been a good, ‘safe, practical channel 


ae ‘for the largest vessels coming ng to on any of the ports of the country. is The 


influences of the jetties on the transportation routes of the country have 
‘been to. cheapen rates to such an exte 


lifficult to estimate. am sure ure it would amount to! millions ions each your 


mense imports from foreign New Orleans a 


G oc Jarger proportion of the « crop, and at much | lower | rates for or freight, == 4 

before. This is in 1 consequence « of the constant “presence in the 
harbor of New Orleans of the largest class of freight st steamers seeking 
oe cargo. al Ten thousand bales of cotton h have gone 2 out through the mouth 
the river ona ‘single ship. Before the jetties were constructed, the 


‘delays on the bar at Southwest Pass were s0 that it was 


— 
— 
edge, simply as screens to check the current and cause deposit, 
constitute a remarkable illustration of how completely the immense 
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— of New Orleans, , which I inclose, 95 000 bushels is —_ ordi 


- a vessel. wisdom ‘of the construction of the jetties has 


im New Orleans, under | the impetus of a new life, is taking rank mony: es 
our m most important ports and enterpris cities. present 


of the marine been admitted the n now widely | open 


Bs ie ‘The principles of river hydraulics proven to be correct i + in th the results 


thus briefly. described, and the lessons taught by these t ten years of har- 


‘bor and river work, are not alone applicable to jetties ‘at the mouth of 


world. ‘They disclose most certainly the error 
been held and ¢ defective plans that ha have been m pursued, an al it is the 30 special f 


useful object of this résumé to apply the » lessons to all improvements 
that are in their conditions and objects in any way similar to those at = 


First —Dispersion shoals—concentration ‘deepens. 


theory i is disproved. vs It has been condemned by the highest : authority— 


by the Mississippi River Commission, who have surveyed, examined, ae 
experimented upon and studied the subject ‘during: the last four years, 


i oa Congressional delegati ons, prejudiced at first in favor of it, after 


(oe clearly prove than those we have given, or could ,give, that to “ie <a 
carry the safely to the G Gulf, and to utilize them to deepen chan- 
nels for our inland commerce, we must hold ‘them within bounds by 
adequate and properly constructed dykes, jetties or levees, an and thus 
2 dead this mighty force placed at our dis osal to excavate for us, dé ny: 


Ss into the bed of its own making, deep channels for our vessels and steam- % 
— increasing in size and draught, the accumu- 


dif to tak than 20000 bushels of 
extremely difficult to get a vessel to take more 
— | 
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lating products ts of developing This Jesson i is one of 
Paramount importance in river and harbor improvements. 


“id /Second.— —The flood volume of the river, and the full volume of the | 


tides, are the powers ers which the engineer | should call to his aid. There 


Be. face of of the water a at flood tide, ‘nlite should not be left through them, . 
and the jetties should be placed as none each other as the volume and 7 


 urrent passing in and ou out show to be 1 necessary for making « a channel 


opposite have at Galveston, Texas, and Charleston, S. C., re- 
4 sulted in complete f failure. At At the former bar, the groundless fe fear of a 


“bar ad advance compelled the location of of jetties smiles ‘apart, where, toa 


the tides are not over 14 inches, and are the sees force | that can be “4 ; 


by , diffusion and ‘the ee ima force of the currents lost by lateral waste; 
but , further, to effectually destroy the force of the, current, 


‘jetty over wer the frictional sands of of the ‘ber, Under these mistaken 
views and plans, the re results have been as as follows : 
a ississippi Ri 
- across s the Galveston ber was 
feet. ‘Thats winter a increased the depth nine-tenths of a 
foot. ‘The works were commenced that same year, and continued under 


Government appropriations, and by Government engineers, to the pres-- E 


time—ten years ¢ of work "and results. In 1880 the Army Engineer in 
charge reported a adepth of 1 123 feet. In 188 1884 the depth reported was 


as feet. One and a half million dollars have been expended upon ¢ this 


work. It is safe to say that had the correct. principles been applied 


i. ten years ago a at Galveston } harbor, as at the mouth of the Mississippi, 


i nan important + port would long ere this have been happy i in a channel 30 q 
feet deep. p. At Charleston, similar {plans, "prosecuted through nearly 


aon length of time, produced the same, or even less vouulte 5 the j 
showing the over bar to be feet than when 


ya 
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iateral outlets were leit hear the land, ostensibly 
a — a bay, but through which at ebb tide they sought to find the lower leve : : 
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a a the water. to prevent the sands from washing over the works into the 
- channel by the force of the storm waves. Experience shows this to be 


and packed by the sand, solidifying the works and preventing leakage, 
Fourth.—The concentrated volume will, , with its increased slope and 
accelerated current, obtain what: it will maintain, and, conversely, it may 
stated that it will not maintain what it obtain. 
ss ent and friction of bed are all so ‘intimately connected and in- 


paren and it may be said sympathetic, that when one is dis- 


all the ‘other at once set themselves at work 


bed this natural equbiam is s perfect, even the velocity eu curves, | oth 


“its volume. ‘The ‘uselessness and the perpetual labor imposed o on man 
to attempt to to deepen without out contracting th the flow, is seen by years of — 


En expensive work by powerful dredge b boats at the bar of the South- West. i at a 


Pass, striving ‘against the retributive laws of Nature to keep open 


channel 5 miles long. patience | exhibited the Government and 


tower, with a . telescope, | the black column of smoke rising all the day, 


~ andall the e days, miles away, from out the great waste of reeds and waters ; 
5 e. ~ the tall masts of sailing ve vessels and steamers some distance to the right and 


showed the waiting fi fleet at anchor, hoping to see the monster dredge 


out of ‘the venly ditch ‘through which they ‘could, one by « one, each 


a in his turn, ¢ go: up to the port, « or out to the sea, dragged n mercilessly 

This ditch would invariably fll” up during a storm by the sand 
washed in in by the w waves, ¢ or the erapidly dropping | sediment of the curre: current, 


‘slackened by the frictional r resistance of the great bar, would filli it = 


=. , Like the Augean stables, it ‘needed a Hercules to turn a current 

it, and ¢ the objectionable detritus into the great of 


At the: hand of the Pass, amzing the on of the and 


through it by the tugging harpies who were always ws watching for their 


| te absolutely ‘necessary to} preserve the , channel, or an interior line of works ee a =. 
ie may be be so constructed that the intervening space may become filled oR 


— 
ie 
3 
‘| 
horizontal and vertical, and the curve o Cross section 0 river = 
bed, assuming a beautiful uniformity and similarity We can, therefore, q 
&g _change only the form of the channel ypless we cop ag 
— 
— 
— 
2 — 


fore the necessary construction w was s accomplished, an attempt was made 
bya sanguine m man, at his own instance, to wash out a channel by arti- a 


ficial n means. Every opportunity was given him, and a handsome bonus 
a offered if he should accomplish the deepening desired. Y's He constructed 
oe machine for the p purpose, at considerable expense, the g general plan a: 
— consisted i in in directing t! the current by a a deflecting board against the e. Es 
sand of the river bed, thus washing 0 out a trough and permitting’ the boat 
te move down alates carrying this trough before. it, and as it were q 
‘shaving o off the crest crest of t the > bar about 6 inches each 1 time th the machine = ; 
atifted over it. A “deepening of about 2 feet was accomplished, and 
‘ the removal of about 5000 cubic yards of sand, but the causes that pre pro- 
duced and maintained the shoal restored the lesser but normal depth ; 
channel ‘that had been deepened by this artifical ‘means 
again to to the exact depth it had before the dredging « commenced, and 


Fifth.—The lessons from and works a1 an results at the read of 


d their 
ge the Passes are re very instructive, , and have for sev 


willows and brash, used for simply slacking the cause de- 


4 ary generally so abundant along our alluvial basins, was combined into dif- 4 


#3 _ ferent forms, simple, yet novel, and the cheapness with which the work k 3 


performed, and the effectiveness of its application, were so surprising 
a a that this system of controlling silt-bearing currents has been adopted by 
the Army Engineers throughout the ) Valley, and it may 
-eupied advantageously by the older nations of Europe, where the 
materials ha have long be used for similar purp oses, ) bat with: les 
Sizth. —In the c construction of across river or they 
must be pushed forward rapidly to completion. Lessons from om European 


: .: posit and i improve the contiguous channels. i” This inexpensive material, 


jetties taught this for for 0 our benefit, was ) made to 


- built at the South ‘Pass, the eff effect of a & partial co contraction only was seen 
os in the fall of 1875, es 5, especially upon the crest of the bar, where, in Octo- 


der, the depth w was reduced about 18 inches. 


.—A deep channel, to 30 deep at at ‘the ends of of the 


— 
— 
— 
— 
— 
— 
— 
y 
‘ 
i 
— 
4 
q 
7 
where, together with other lesser causes for the bar moving 1 
ied nearer than one mile to the 
fact that the jetties were never carried nearer 


the trough to crest. Sand is deposited and moved along the 
in depths ess than = feet. Therefore, it is of vital 


3 jetties, with deep channel and strong outflowi ing ¢ current, 
will not only not accelerate the advance of bars, but greatly 1 


This work, and the principles that: underlie it, the and the les- 


the obstacles nai natural ond with which it to contend, 


4 


= 


he 
4: 


pee you h have appreciated | the conditions the problems, and the ob- 


will share the just pride in t in the: successful; issue of this is whole 
= "matter. We have the greatest satisfaction in having gained a signal vic- 


tory over immense natural forces | full of complicated conditions. Itisa 
mete of our profession to study and | understand the laws gi governing the 
flow « of water; you 1 feel the fascination of the problem that was studied © 
me and mastered d at the mouth of the Mississippi River; you rejoice with a 
: “us because we have controlled and guided, , by attention to its own laws, 
3 of the: mightiest forces of Nature, , and have made it a willing servant 


at our behest to minister to the interests of the great — to- -day 


out untrammeled to > the world. 


ing the mouth of the 
they Were submitted to several of the 


before re Congress i in 1874, 


Civil Engineers of the country for examination. Their opinions are now 

record in the archives of Congress. These gentlemen, ‘Messrs. W. a 


Milnor Roberts, J. Wilson, C. Shaler Smith, oO. Chanute, W. 
Bayley, and Henry Flad, are , entitled ina of this great work to. a 


share in its success for * having boldly, and in the face of f opposite and a 

ay expressed views, given their ‘adherence to the plans proposed. bik, 


it appears to the writer, “that Government summon to it its aid 
the - the best e engineering g talent within its reach, and should not give the ge gen- er 


4 eral or r exclusive chai charge of of public improvements it into the — of engi- Bey 


neers educated to conduct works of a totally different character. 


: 

— 

& 
— 
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The "appreciation: in which the results of the Minin are 


by the British Society fo for the Encouragement o of ‘Arts, 
and of the Albert Medal, which presented by the Prince 
a ‘Wales to the designer | of the w Ww vorks, s, who i is ; entitled i in the justly compli- 


mentary resolution of award: “Captain J James ‘Buchanan Eads, the dis- 
ie ‘ tinguished American engineer, whose works h have been of such | great a 


“ service in improv ing the water communications of North . America, and 


oe have thereby re rendered valuable aid to the commerce « of the world. as 


Nae 


— 
} 
— 
q 
— 
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TRANSACTIONS, 


eee pe: is not responsible, as a body, for the facts and opinions advanced in Mi 28 a 
CCXCI. 
(Vol. ‘xu. —October, 1884, 


mal 


E THEORY TESTED F 


‘By Rosert E. McMars, M. Am 


Reap Ocroper 1884, 


In an unofficial, but authoritative way, the following question 


bom suet by the Mississippi River Commission, and a majority of that 


body sus sustain the affirmative: Se 


ee “Ts it in accord with sound principles of engineoring, an will it b be 


afi pm in like manner conducive to the improvement of the river, to confine | 


the flood volume within the channel by artificial its 


the 


volved which of great importance, if and very i 
false, Convinced that at the proposition a is a great error, I take the position 
denial ‘should go further than negation, and should furnish the 


— 
a 
— 
— 
— \ OTS. 
‘ 
— — 
— 
— 
= 
invited. Such discussion should be of interest to engineers, 
4 
— 
25 


of of riv either in respect to or as 


au, establish t the trath ¢ of a a contrasted 


& aa Engineering effort, so ‘far as as it m may affect volume, should be in the 


direction of equalization, Gas is, to reduce a1 ratio flood and 


every possible means. Where great variations are unevoldshie, as is the 
; to render the 


Be = mt ease i in the Mississippi, the li line of effort should be 


4 Be from small to great volume, | and the reverse, as unfrequent and gradual 4 


question, as as between concentration of flood volume and equal lise 


a tion, tar turns upon the he apprehension a and mode of accounting for two a 
Ast. ‘The bars obstruct navigation in in the ‘Mississippi, below 
_ the Missouri, are higher : after a season & high water than at the close of 


period of low water; that is, stages bring increased obstruction to 


Qa. The for given height o the gauge is ‘materially 


greater ‘immediately after a low stage period than immediately after 


high : stage ; and if f there be be a succession of - floods, the discharge of 
q . each suo succeeding one will, for a given 1 height on the gauge, be less than 


for the » preceding. That is, “ “The coming flood brings with it 


impediment to its own discharge, and the impediment o outlasts- the 


a sat ae Two modes of accounting for these facts have been proposed. One, 


that the first-named fact is due to the effect of width variation upon 


% ES sectional area a as the river ‘rises and falls, by which the areas at wide and — 
"shoal sections are ‘smaller at low stages and larger at high than at related 


“marrower | and deeper | ‘sections. As consequence of thése changes of 
relative area, wide places become subject to ) deposit at ‘high, and to scour ‘ 
low stages, a reverse action | occurring at the ‘narrow sections. This 
alternate a action is 8 the occasion of by far the greater part of silt move- 


“ment. Ad demonstration that this must be was given by: the writer in a | f 


‘ ‘paper printed by | this Society in 1880 as No. CCVI, ‘and fully in 
to Report of Mississippi River Commission for 1981. The 


—— 

| 

a 
— 


orrres, DEeprus 
I 


Nov. 13th, 1579, 0° .0. Jan, 3d, 1880, + 26’.6. 


Distance 
betweer 

 Chan’l 


| Fall in 


.183 | 8.565 234190} 4. 
wie, 2. .0 | 0.386 | 8 680 | 243.000 | 3.93 
1200 6010 | 39620, 2. .0 | 0.381 


1 880 | 5 375 | 53 .0 0.240 | 8150 249 820 


© © 


a 


7 99 
0.239 7610 229 030 
0.277 | 7610 | 231.000 | 


0.253 | 7 600 


1500 4450 244 410 


1180 4810 .881 | 8 010 | 227 230 
1 200 | 3 190 


1 420 | 2 267 | 30 220 
1510 | 3 210 | 41 650 


1480 | 3 467 | 46 680 
1 500 | 3 183 | 40 200 


5 | 1400 | 2958 | 48 740 


~ oO 


o 


8 


ee 


175 850 


ee 


175 500 


ee 


1 500 | 2625 | 48 110 
1 400 | 2 358 | 49 325 


oa 

a 


2 
oo 

= 


154 600 | 6.17 
59210 1. 0. 199 850 | 4.78 59.0 
1 500| 3.983 | 51.690 .33 | 24.0] 0. 217 650 4.39| 52.0}, 


1 460 | 2192 | 51.935 


bette t 


229 000 4.08 | 49.0), 


1.90 54.0 | 0.083 | 5 480 | 196 830| 5.00| 74.0 


sou 


3600 41530. 


2125 45 


70 | 1.72 


—— 
a jg ii 
| 
— 5/2260 4250 36.080 2.19 | 28.0 4.17 oos|—2.6 
11800 3.550 | 40595 1.94] 33.0 4.13 m\—56 a 
— 
— 
— 1.97 | 29.0 | 0.191 
1.62 | 31.0 | 0.080 
1.64 | 34.0 | 0.050 | 5 300 | 170 200 | 5.61 q 
18 1.60 | 30.0 0.060 | 159 350 | 
i= 
— 
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on LEVEE THEORY. 


following them in direct The relation of bar or weir height 


and discharge was discussed in in No. ‘OCXXXIX of papers” 


the Society, printed i in 1882. a q 


‘other mode for the facts i is advanced by the Com- 


> when the river begins to overflow its banks a remarkable loss of velocity — 


in amin occurs. . That is, the» velocity of the current, which nor- 4 = 


; increases at a regular rate as 1s the river Tises, suddenly loses that 
of increase at the level of ‘overflow, and n may show actual loss. 


river rises and ‘spreads over the bottoms. 


2 “Next it is assumed that the stream is loaded to its ts fall carrying 
with sediment, and therefore is exceedingly, sensitive to change 


at velocity. To quote from one member of the Commission (Judge 
8. Taylor i in | North American Review, March, 1884, ‘Page 


“the obstruction, and 80 on, each condition reacting on the other. 


aa “« The result is decreased velocity an and increased rise in the stream.’ me 
4 
be To a disinterested onlooker it must appear strange tha that the Commis- ss 


“a sion should make much 0 of the loss « of velocity occurring” at top of food, 


which i in no case exceeds 20 per cent., » a8 a cause of deposit, ‘and over- oa 4 
look, the variations of velocity due to difference of sectional area, which 4 
often n amount t 50 per cent. and 1 more in fow miles distance. These q 


t as important before as after o cts as the table just — 


eee. EP To pat the two modes of accounting for the facts clearly | before the = 
and mind, diagrams 1 and 2, Plate XLIV, will be used. 
By my xi rise ise of bar bar r during flooc flood from A to A’, Fig. 1, 


Plate XLIV, is determined by relative widths. A Band are the 
origin of velocity before and after flood. é A continuous s series of observa- 
_ tions during a a complete cycle of rise a and fall will approximate an en-— 


closed figure as s the velocity curve. The stream under the changed 


= 


‘conditions m must rise se from C to in order to discharge an equal volume. 


mission in in effect, 1 but not formulated _ statement. They claim 
a 


— 
affect the hydraulic 
— 
— 
ia 
— 
: 
— 
— 
— 
4 
— 
= 
— 
q 
a 


x 5 


& “ ‘a diminution of velocity and a deflection of the thread of movement of 


the stream towards the outlet, scoompanied by loss of the power 


a essary to transport the material with which it is loaded. 3 The excess of 


“Toad is dropped i in the bed, decreasing the section below the outlet.” 


(Report for 1883, page 18.) 


ae The fa fallacy of | their argument is made apparent by completing the 


are correct as to facts, but wrong in theory. The accelerate 


ry 


ees brings t to the. ontlet material 1 which cannot gc go anh and this material 
passing into the normal, but comparatively slack, ‘current below the 


Another idea, held by some, is that the of sediment borne at 
‘different depths incr increases in ‘some ratio to depth below surface, hence 
te, that the escape 0 of the surface and less burdened a water by overflow being# 


x 


about an enormous decrease of silt. carrying capacity, 

Both ideas: make overflow the occasion of deposit within the bed 

t ution of velocity, which must be as general as is is the 
overflow; hence the deposit should be general also, bars and pools ‘shar- 
in g alike; OF, if there be ‘difference, | the deep pools should receive the 


greater deposit, for overflow is largely at the bends. Iti is wall known 

that deposit on on bars is often 10 and more feet in 1 depth. Suppose such 8 
- deposit general i in a river nearly a mile wide, and the source of the mate" 


rial to make it roust be sought for and shown. 


From the foregoing | statements appears that the two — 
accounting | for the facts ar are widely a apart, reversing the relation b between 


antecedent and consequent ; therefore, if ‘one « even . approximates the 
truth, the other must be wholly false. 
ah By | the x mode { first stated the process 0 of filling on er should begin at 
mean or when the rise © passes a certain limit, which is variable 


i 


— 
ae 2 alae particle of water at A, Fig. 2, Plate XLIV, under the influence of a fall s 
— 
a — in the direction of the channel capable of producing the velocity Vjis 
a 
i 
— 
— 
4 
| 
— 
inflnence and produces no such result 
| 
: 
— = 
— 
= 
— 
—— 
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: oft width are great than where they are small, 
page beginning must be at the stage of overflow. f “Which i is true, is ia 


readily d determinable by observation of the es and stage when such all 
Degins. Such observations, made in an unscientific way, have ‘estab- 


i lished among boatmen the maxim that even a moderate rise will injure— es 


“flatten out the channel. has also taught the working 
“engineers, 9 who have had actual h the facts, that the change 


of bar height occurs, in nu n the rise not ‘reach 


Mississippi River Commission, with means its hands for, and 
ar 


"rots engaged i in » physical investigations, hae not, in the four 


possibility 0 of the theory which is fundamental to 10 the ache 
Although the Commission has not sought test of its 
line of inventigntion, ‘whatever the immediate object be, can- 


not fail to bring out ‘evidence the subject. These 


and hydraulic capacity is is not by and is not necessarily, 


therefore, it will 


roy will take from the mass of concurrent testimony three cases that ag 


publiely « cited as proof of the Commission’s view, , and of which 


has been semi- officially said : It is | obvious that at in 
oe these cases there was a due of some kind i in the river. There was vet 


a no visible obstruction in | any o of them to create it. . It was coincident a 
with general overflow and d i did not appear ate any other stage (? Th The 


“inference ‘from these circumstances alone, ‘that it wes in ‘some vey 


caused by the overflow, is by no means illogical. With the facts so 


3 "cited I will quote others in the immediate series, as to. present the the 
nore 
-_ several cases in the light of their actual association with other am more ing 


important phenomena than overflow. 
> 


= 
— 

| — 
3 

> 
— 
‘a 
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4 
: 

not be conducive to the improvement of the river t 
‘thin the channel by artificial additions to it 
within the channel by artificia itions to its — 
_the first class of observations I will use is discharge observations, 
= 


7 1881, covered in the table below, i in aaa’ the last column shows the 

change i in sectional area due to fills and se scours: 


4’ .584 337 486 


| 6s 698 | 4’.316 “987 | 
64485 4.154 267 874 


— McMATH ON LEVEE THEORY. — 
a 
— | 63.800 | 4°.410 | 281 34 | 
“#95, « | 32’.17 | 67 645 
73-815 16 
73-725 | 47.005 295.285 | 75 826 
74010 | 8’.987 | 291365 | 75894 
a | 73695 | 3’. 
— 
— 
— 1662 
— 
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LEVEE THEORY. 


an overflow and ‘slackening of current, bat the velocity 


co before the river returned within its banks. ‘The » explan 


the janction of the Missouri, and just below that of the Illinois 1 with the 
Mississippi. remarkable loss of velocity began April 22d, reached its 
maximum May 5th, and was wholly recovered from by May 10th. Th 
"Missouri River, 2 a St. Charles, Mo., , about 30 miles above the mout 
Dogan to rise rapidly . April 22d, reached a maximum May 5th, and then an 
- fell rapidly until May 11th. 2 (See diagram of St. Charles gauge, Plate 4, i 
Appendix H, to Commission’ Report 1881, ) The Upper Mississippi 
and Illinois did not materially share in the rise, os eres by th the pe 


tion’ is very simple. The observation station was about 20 miles above: = 


sim backed The observations marked by * in table 
have been cited as proof of velocity lost by o overflow. pane of section, _ 


=_ chown in in the b last st column, was comparatively small and of no seat 


Stage. idth. Velocity Discharge. Datum 


Sq. Ft. On. Fe 
Mar. 20, 1882.) 38°.59 | 2820’ | 172.105 | 5’.444 954 
34’.15 | 2707’ | 167 397 6’ .265. 1 


nd maid to show gi oe of came within its banks 
"9 will take other observations at stages: very near 15, before a as 
= as after overflow, ar and ask: How do the > proposers of the overflow mh 


mney account for t the the fact that velocity a nd discharge a at 34’.28 stage ~ e 

n J anuary 21st, before overflow, was 80 I much greater than at nearly} like 
26th, May 20th and 24th, and ethan at 84’ .15 stage of 


— 
— 
| 
— 
| — 
— 
a 
— 

2 
— 
— 
7 

— 
— 
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a 
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‘McMATH ON LEVEE THEORY. 


[Sectional ‘Mean is 
Area. Velocity. 


161 534 | 6’.056 | 978 300 

3 


¢ 2 820 172 16 444 954 954 
2 699” 159 935. 856 940 
34’ .09 2705’ | 162 672 | 5’. 908 247° 

2 707’ 164 mT 915 381 

June— 1, $4’.15 | 2707’ 167 6’ .265 |1 048 750 


shown below: 


Red River __Hay’s_| Diternce 


 |emees are : 4 

986 954 indication of the : 

1175 941, 903 247 979.094 |less in amount by 

1 146 364 915 381 230 983 the Tensas basin. 


1137 809 | $9050 
hy | Thee evidence of discharge differences is corroborated byt the gaug 
records, uny unpublished, at Hay’ 8 ‘Landing and Lake Providence, 11 =] 
which show a “flat slope between the two places on the dates 


whe current was slow, and steep slope June Ist. At the earlier dates 


ow from the Yazoo basin acted just. like a flood from me ? 


i ate. Gauge. | Width harge.| “Area 
q- Fe 
— 70 738 
73 669 
— 175 
I explain it as the result of backed water, and nothing else, during 
the rush of water from the Yazoo basin, which is partly measured by the 
q diff scharges at Hay’s Landing and at Red River @ 
— 
— 
| 
ag 
On. Ft Ou. Ft. | Ou. Ft. 
— 
: 
Hg 
— 


ag 
‘tributary in backing the water for miles above its entrance. The 
water began to reach the Mississippi fer few miles below Hay’s Landing, 
"breaking through the levees from the rear into the and then 
out t of the Mississippi into the Tensas basin through the Louisiana a 


case is act man is a it isc clear 


th 


tion of the W Wisconsin. % The table, page 342, is ‘extended to cover the rise 


return toast mean n stage i in May, and also the 1 rise in October, i 


been cited in in evidence that loon of velocity is is caused by 
which, at atthe © locality, becomes general, at 14’ stage; but the similar loss” ae 


‘The Clayton observations in 1 May and October, taken together, there- come : 
furnish a complete refutation of the overflow ‘theory. asserted 
of velocity, appeared when ¢ the assigned conte, overflow, was: 
wanting. similar case of loss in velocity and discharge, though stage 
reased, without overfiow, vis fe found in | the Carollton o observations s of es 


1688, ata stage between 1 10 and 12 feet, ‘and so in numerous 8 which 
F ha The overflow theory had : its origin in in a hasty interpretation of online 
“facts reported | as attending a a flood i in 1 the Missouri River i in 1881; indeed ¥ 
. the same flood that caused the backwater at Grafton, and there furnished 
the d delusive argument for the Cheesy has od above. 
. The 
Com ommissioners for 1881, “page 135, shows nia when passing ‘Sioux City 
the flood car carried no sediment, that it w was not t augmented ‘by floods from 
ributaries below that point, that nevertheless it became exceedingly 
x muddy, filled the « ordinary bed in places and made extensive deposits « on ae = 


the overflowed bottoms. “From Omaha, St. J oseph, Kansas Kansas City a and 


q > “Glasgow, reports were received mal after the river got out of its banks = 
Pex. _— rate of rise increased, while the current was so materially slackened 
4 “in the course of a few hours that skiffs could Tow w about with ease, 

3 eat before | ® the river left its banks and after it returned to them = 

Was 80 o strong even steamboats re unable to 


— 
— 
— 
| 
| 
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— 
— 
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— 
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report flood had been restrained by leveeswhere  ##$$§/ 
— 
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THEORY. 


Gauge. Width. |" Area. | Velocity. Discharge. 


a 


of 
143 626 ‘ and lossof ve 
342 locity, but no 

826 9 79° overflow. 


066 
131 983 
108 628 
107 104 
107 443 


20, 
104 875 


AN 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


ia 


Rise of 4.3 without _ 


ny increase of ve- 


....| 17.62] 


locity; general over- 


= 


— 
— pe 007 
ll im | 35297 | .738 | 138 360 | 44100 
13, .| 16 «516 965 | 17 034 44 153 
—— 
— 


“to any approximately uniform and ‘suitable width, the water 


would 1 nowhere have surpassed, and would generally have fallen much 
- below, the level of the present banks.” (Report for 1881, page 137. i 
throw the theory and condemn the remedy 4 


e=4.. How did the e river, originally « clear, a and not 


tributaries, obtain the material for the enormous us deposits not noted ? ma 

: “ously by § scouring its own bed and banks in some places and depositing 

the material so obtained at others 
2. Did this scour take place when the river was still \ within its banks 
. and t the current very swift, or after the river got out of its banks, when 


it is said the ‘current became slack 2 Certainly when the. current was 


ey Did the scoured material continue in suspension t until the rive 
gotten out of its banks, a and then settled in ‘the slackened “current in a i 
nearly uni uniform sheet everywhere ? :.. Or did it drop in reaches of exces- 
‘sive width, before as well as after overflow, as the water conveying it :: 
reached such places in its course, forming high bars which, acting as 
dams, obstructed the flow and sent the river out of its banks ? ? er, 
The statement i is distinctly made | that deposits 6 to 12 feet in depth 


_ were observed at at sheltered places in in . the bed after the flood had passed, Ks 
pan from 4 to 6 feet deep on. on the banks. . Can any one believe that ‘such > Ks 


. quantities of ‘sand cr could | have been held in held in ‘Suspension to await the hour 


Bring i in the principle of alternating localitie rand deposit, 


determined by relative widths, and how simply a all the phe nomena are 


‘The built-up bars impeded the flood, slackened the curre 


and ex exaggerated the overflow—antecedent a and consequent, in an _ oby 
setae natural order. The attempt to ) make these facts support a theory — < 


favorable to to 0 levees s reversed the relation ot cause e and € effect, and led acl 


‘The theory uy upon which construction, as a ‘means of improving 
the } Mississippi, is is proposed, in a all its parts ar and nd pertioulars, is is an inversion ion 


wo 

— 
— 

— 
; 
— 
— 
— 

& 
— 
= 
— 
— 
— 
— 
— 
— 
* Whe relation Of cause and effect, and cannot be followed any direc- 
to a logical or experimental conclusion without meeting Nature’s 


 McMATH ON LEVEE THEORY 


= leading to direct absurdity or to practical iilens, perhaps a attended by 
_ disaster. a T have sufficiently shown the falsity of that form of the theo sory 7 


Ww "which ‘undertakes to find in in overflow a cause of slackened current, al = 


= thereby of obstructed channel, by ¢ a review of the a very ts ae cited i in its 


eve ‘The c contrasted theory i is } supported i by these same ‘facts and by all. 


i Ine every series of observations, wherever taken, 2 a tendency for the veloo- 


2 and discharge cu curves, traced by connecting successive observations, 


_ to form a loop backward, at the top of a flood or moderate rise alike, 
is very noticeable. The looping becomes very conspicuous wherever the 


_ stream is subject to change of bed and bank, and the water ‘flood is ac- 
= companied by a movement of silt. (See diagrams 3, 4 and (5 ‘Plate 2 


OM 
XLV, for one of many samples which might be given.) “plotted 4 
a positions are the mean of observations, taken in groups of five « ‘consecu- 


need dates. (Repo ort for 1883, pages 470, 471.) Also in streams whose bars @ 
“cut out ” @ converse becomes conspicuous at low stage 


n, this looping forward is due to the 

reading decreases, and area also, without de- 

of discharge | and velocity, and this establishes a very strong pre- 

ion that the in the contrary direction at the other 


is 
of stage i is due to ating: bars. or rise of submerged w weirs. 


‘al the hydraulic conditions, « especially the one which defines: the o1 orig’ 
e Of the he curves, undergo change during the season of observations, itis 


seen ‘that the generalized curve or formuls expressing the mean 
3 of conditions will not be reconcilable with the | ‘conditions that are con- 
tinuous. — The Commission has shut out the opportunity f for such a di 


cussion by withholding their local discharge formulas from publication. 


es * Discharge equations are the product of two factors,an expression for srea of cross: 
“section and one forthe mean velocity in that section, 
er, Teast The function expressing area has its origin at the lowest point in the section, and would 
a a, usually be complex, but, since the part of any section which lies below the lower limit of 
ne * stage variation is, by the fundamental hypothesis of a discharge equation, considered as & 
constant, the form of that part of the section is of no consequence. Between the limits of 5 
, stage variation many river sections may, without sensible error, be considered rectangular. 


Hence, A total area, W width, beight and a constant area, the area 
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generalized curves, which -Tepresent the mean of observations 
the series covers a full evele of rise fall For. if some _ 
— a 
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Another Hine of of evidence upon the same is afforded 
series of stage observations made at stations which have be : 


by leveling. The fall between is found to i increase ee and 


f acting as The table below s shows the he changes in a ‘Piece 
river in which no bar obstructing navigation hes developed, but there is 

a widening, and then a very contraction, between the observa-— 


a Diagrams 3 and 4 show that a and c changed quwily, “it in such a © 


way ‘that enlargement of section diminished velocity 


Analysis of discharge curves derived from the soversl eatin of 
vations made on the Mississippi and other streams shows that impaired ; 


of discharge follows wherever ero: and ‘deposit are im. 


at the observation 


impairn 


P _ If the banks are sloping the sum of the triangles at the sides will be measured . 
te, d and ¢ being the co-sines of the angles of inclination; @ more general pi: 
therefore be, W1 being width at lowest state : wr 


The for mean is commonly taken asa straight line, 

in which b is a local oisianiial and c the value of velocity, when g= 0, or, as g is defined = 

. above, when the river is at its lowest stage. In practice the assumption of a straight line is oe 
aoe admissible for high stages, but if applied to low stages will will lead to an underestimate of — a3 

_ There is at every section a level at which flow would cease, determined by the crest o 

ome dam, bar or other physical feature. Logically and practically, for use at low stages, 
this level must be ascertained and made the of which then very 


in which A and B are axes and E ek E elev of no 
4 closer approach to observations is in the form 


_ One of these expressions for v should be used, but for numerical solution applied to high 
stages, only the simple straight line may be used, giving for rectangular sections ; 


and for trapezoidal sections: 


ficients at and. constants in the factor expressions have, therefore, a physical 
- Mignificance, and afford tests of the continuity of conditions, ogame of a, w and ¢, during 
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McMATH LEVEE THEORY. 


VARIATION OF at Sr. Lovis. 


Highest | Greatest | Lowest | Least Range | Range| 


‘The stages and falls are 
not for the same dates, 
but near. The falls are 
not the greatest or least, 
but are chosen to present 
a mean for several days, — 

to avoid the uncertainty — 

which attaches to ex- 
tremes. Distance be- 
tween gauges, 3 miles, _ 


om 


, 


~ 
=) 


a 


, st tron gly i in ‘contrast, to that f 
Red River and Carrollton, La, 192 miles, in which 
‘no 10 bar obstructing n onion exists, The range of fall is from 36 feet : 
is from 11 feet to , and this 


ig is always considerable, i is when the channel is s continuously 

* deep. 4 A large fall, 11 feet, in the same distance for a like volume, is 

only when the channel broken into a succession of pools 


Indications that rise and fall of shoals is a controlling hydraulic condi-_ 


tion are therefore found at all parts | of the river. 
ite: #5 The question . remains, are these changes great enough to exercise al 


ics important influ influence o on flood discharge ? ? The ‘evidence on this point is. 


“Se direct and conclusive. Depths on bars have been noted by navigators: : 
and gauges have been read by ‘reliable e observers. Bringing these 


together for two bars will establish the fact beyond question, ‘The k bars 


are about 12 miles apart, with an narrow piece of 


— 
— 
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1871 | 17.7% | 1.82 | 1.09 14.52 | 
= 1874 | 18.40 | || 1.22 | 12.78 | 1°.25 
877 | 26.5 9.05 | 1.92, if 
1858 | 30.98 | 2.89 | flood marks, Distance, 
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IN TO Waren, 1879. 


Bullerton Bar. of Island No. 34 


‘1874 from + 4’ to—3’ T from 0 to +13’ 2range, 12’, 
“ 8.1 78 


1879 6 10.2 43.7 « 6 
Extreme 3 _ Extreme vertical range. . 


| 


+ 3’. 


erence of crest to low water, 1879. . 


down of bar i in 


ae 


Oct. 10, 


be 1879, Sept. 21, depth 6 
oot 


‘Several of the years named in th vingolag statement were not flood - 


years; her hence the filling of the bars, which must have preceded the 
cutting out, could not have been a result, direct o or r direct, 0 of ‘overflow. 
Th have now proven that the rise of bars is | a notable Santee inr river y 
physics. The feats, is, detail, ‘Prove that the two bars compared rise 
_ and fall together in ‘point of time, but ‘unequally i in 1 amount ; that the 4 <a 


are in n direct wares and i in an an obscure to to change of 


flood reaches the | stage of ov erflow, and to c continue after 


[| 
_ 
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= 
& exesttolow water, 1879... + 4, 
— — 
— 
— 
| is raised higher if 


rom 


—— 


, Siena and, conversely, the longer | low stage continues the more the b: 


The filling and scouring, of which the bar shown above 


indications, the > shifting channel of the Mississippi and the ever: 


LP 


addition to | the height of can relief to the 


alternating ac action which arises ‘from varying ¥ width, but, obv = 

a 80 far as as heightened banks and concentrated flood volume serve to 4 E: 

; increase e the velocity and scouring power durihg floods, they provide the 
4 = for greater development of bars both in height and extent. 


— a If, now, it it be considered that the Mississippi, Goutag on over a series of 


ars of of varying height, ‘is precisely the same, except in stability. 
‘size, as the mill stream flowing over a series of dams, it will be seen 
to build nild up or dams i in height is to ra raise th the r river a its bed. 


"grain b by | grain, does not affect the e result. On the hand, ‘to 
down the bars in height is is to lower the river r ini its bed. Z in the Missie- = 
“sippi sbundant facts show that raising ‘the bars is the work of the high 
and the higher the flood the higher the bars. Cutting out bars i dl 
exclusive work of the low stage, and the longer the low stage 


be tinues | the ‘more ec complete its work. oo These offices of high and low stage e 
Al ith the rise and fall of the bars the flood plane, or the height on ona & 


fixed gauge ye which will be reached when | given volume is being 
* ’ charged, will | also rise and fall, just as the flood line o of a mill otrenm io 
when a dam i is bails or lowered when 0 one is is taken nout. — 


For example, ‘at ¢ Columbus, Ky., on April 24, 1868, age being ng 32’ 0 
‘feet, ¢ discharge was 989 850 cubic feet per second. On, J aly Ist and 2d, 

after the flood of 1858, at the same stage, the. discharge was only 790 820 — 
feet. The 199 030 cubic feet, is one-fifth of the larger 
about ‘equal to the greatest known discharge of the Upper 
Mississippi at at Rock Island, and not far from the volume of the the 
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McMATH ON LEVES | 


y.: December 15th, 
+1857, discharge was as 1 061 480 cubio feet abs a stage oy 29 feet ; une 29th, 


1858, when discharge was 1 090 010 cubic feet, the stage was 36.7, or ee ; 


ae higher, the latter after the passage of crest of the third flood wave 
ef the season. Making allowance for the ‘small difference of observed 


the variation in height was at least 7 5 Levees 7’ 
5 feet i is a 


Commission confirm the fact of enormous 
It is thus made. very ry plain that, lng: as one has no means know 
ing to what height bars: may | be built It up by the action of successive 
know to what t height the gauge a a given 


+ flood affords no measure of the volume discharged. eae 


In order that floods: may be effectually restraine by levees, it is 
essential that the engineer thes maximum volume of water to be 
Guarded against, and also that he be assured that a given volume e will 


“always be discharged at given height. Both o of these conditions are 
as = puting to a successfal solution of the Mississippi problem by levees. ~ 
a Rise of bars to impede flood discharge | and at a later date to obstrest hoe 

navigation being | the result of high stage action, it it t follows, that if suc- 
cession of floods -oceur without | a prolonged stage interval Cote: 


abe a light preponders derance, taking seasons as t as come, 
ous high stage action over er the restorative low stage effort. The 
"tration of flood water school of « engineering, represented by the 
| ‘that in some ne unexplained ray evil, when intensified, will be 
transformed into good. Another sch school of ‘engineering, whi: which includes ~ 


many who have ned opportunity and inclination to “study the facts, 
Wo ould aim to take a portion of the energy now working on the i injurious 


side and transfer it to the beneficial. mates in as 


ror 
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7 Terence, to nave occurred, helgnt required to 4 
= Zz volume less than two-thirds of the maximum discharge in 1882. The a a _ 
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to the amount be transferred, when considered asa propor 
4 tion to the whole, the hope to < chan e the preponderanee, and ‘so put 
ey Hop 


er 
‘the r river in the way of working its own improvement, instead of the — 


= This school puts forward equalization of volume as a fandamental fs 


- principle t to ‘be contrasted with, and opposed to, concentration. of flood 
Volume, also also to 0 dispersion | by outle outlets. 4 


The Mississippi f from the mouth of Red River to the Gulf illustrates 
the re results of a partial of ‘volume. = An 


named Ht of the river is represented by: the ratio. bat 
sa 10. : There i is but o one grand oscillation ‘from low | stage ‘to high =a 3 
Ee comes ina year. a The river is stable in position, banks cave bu but slowly, ; 


wide places dev elop, and the channel i is deep. 


oa Below the Ohio, s as a contrast, the ratio of volume is 1: 22, There 


are se several great oscillations in a year ; the river is unstable in position, a 
cave rapidly, wide and shifting bars obstruct the 


The equalizing inf “which “produce the the contrast between the 


Elongation. of flood waves in some relation to distance | traversed; 4 


‘that is, increase of flood length ‘measured by time, and decrease of 


¥ By al height measured by gauge, as distance from source of flood i increases. 


The influence of large tributaries 1 whose floods do not coincide i in : 


3. The res reservoir influence of the St Francis, Yazoo, Tenses and 
oe smaller swamp basins, also | the absorption. of o ov overflow water by the 1 soil, % 


iE Ba and its return to the river at low stages, that is, the rise and fall fall of the 3 


ground water line over er thousands of of square miles. 
The depletion of flood volume by outlet channels, of which the 


eae ik. The application of the concentration of flood volume principle | would © 


ss + diminish the first of these by c compressing the : flood into less. space e and 
ee, time. is The second would not be affected at all. a The third and fourth a 


7 

» ot: is admitted (see Report for 1883, page 22), that the ra ‘range of q 
volume in in i the he lower river would i be be doubled | by complete le leveeing al above 4 


ya. The, greatest known 
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THEORY. 


reached 2 500 000 cubic feet. Too confine such a would be ‘estab- 
; lishing Bow the ratio 1: :20 now found near the Ohio, and and ‘80 
main cause of caving banks end shifting bars would be brought. by 
professed works of improvements wh where it does not naturally exist. 
Fortunately, the second equalizing influence is ‘beyond the reach of 
and the e frequency of ‘oscillation at the Ohio cannot be ¥ 
“Hed to the lower river, but, so far as the principle operates, it willjtend — e 
to destroy the present favorable conditions. 
3 ‘This part of the river presents a favorable opportunity to test con- 7 
a euniration of flood waters by lev levees, both by th the fact facts of s of experience and 
by the rigid application « of known principles to the comparatively{ {sim- 
presented. _ An extended discussion is the more pertinent 4 
‘since the has the conditions, and has plainly 
to complete the levees : along: the Tensas front, and consequently. throw 
the Mississippi a a volume i in excess | of any ‘known ¢ discharge.” "They 
‘page 22,* “ While this ‘increased volume would undoubtedly}make 
room for itself by ultimate ‘enlargement of section, it could or only,do 
_ “by the work of scour, the resistance to which would be indicated and 
“ measured by increased slope greater elevation of surface through- 
out that part of the e river ¥ while undergoing enlargement.” 


“Such additional ‘service should not be imposed | upon a ‘region in 


i. which have been adopted the measures s necessary, under existing ¢ con- a 


‘ ditions, for ‘protection from inundation, without due preparation for 


m “ the increased height which will be given t the floods.” — ae 
carry out this view, an item is inserted in the timate, 


levees “ “from Red River to. forts New w 279 


‘the upper part of the line.” ” The proposition is, to 
stated conditions, pages 21 | and 22, are : 
aa This section of the river is in a state of much greater stability ; 


is found in any other part of i of its course the of ‘the 


4 4 oe 
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a distance below Red River ‘it narrower and 


“Tt has been leveed throughout fora great mal many years.” 


“No flood complications: arise as e, from the return dé 


river at points higher 


bed by levees, is adapted to the 


Carrollton in 1883 showed that he: river was ¥ 


Es while those at Red River Landing in the previous ‘year pei: that 4 


« double this v. volume, ¢ or 2 200 000 feet, found its way way down the valleys< of 
‘ the Mississippi. and Red Rivers. 
oe. To o the above I add, the levees are, as a rule, », clots along ¢ the banks : 
Complete concentration. ‘may therefore be expected to double the 

maximum volume now flowing in a practically stable channel, and i in- 


volves first and necessarily a raising ‘of flood level, to be held in control by 


1 _ Without mal aking ony statement of the height expected, the — 
Commission makes an estimate based on an assumed | height of present 


levees, and an assumed mean addition of 2 feet. . The reasonableness of 


- this assumption is in question, as is set forth i in Gen. Comstock’ 8 separate 
views, pages 25 to. 29. It is also asserted | that the increased. volume 


make room for itself by of section,” but 


q 


- ee Will it enlarge the the section ? ? how ? and where ? are three very im- “a 


ay In considering the probable. increased height of flood, or its alternate, 


oa > i enlargement o of bed, it is not only a fair, but the only possible, course to 


estimate the height to which existing levees: must be raised i in order bed 


contain the whole volume, and “then ‘to estimate the ‘amount aa 
enlargement that must | take place in | order that the increased volume 
be discharged at hom present height of floods. if all the expec- 


Te 


* tations. of the Commission are e realized, the final outcome will be a condi- : 5 


lying somewhere between the extremes so estimated. 


In the height on “gauge required to a given 
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‘no better way is known than to apply a discharge care 
‘termined by observation at the locality. Such ourves are avail- 
ey at the mouth « of Red River, and at Carrollton, 192 “miles 
oy: Speaking. of such curves, the Commission says, page 17: “‘ “Tbi is ‘fairly in in- 


ferable oom this, that if itt the conditions wie which certain ‘curve 


was still within its | was » were ‘continued form of 


«that the ‘additional height “required for levees to restrain 

“floods would be ke less than thet alone from a of 4 

To illustrate » what the means, ‘to the force o 

a the be the begged cc concession * which I I - have ) italicised i in the: above re quotation, a and 


for this on once propose to allow, I I present 4 discharge equations for the 
to diagrams 3, 4and 5, Plate LY; 


esting the two wil be mentioned last, and their 


2 ce: Isan ‘equation derived by} Maj. Charles R. Suter, member of the 


AR from observations ‘selected from ‘the made at Labar 
(1). 


v 
eee mult weight t to all of the 32 


ronne base at Carrollton 
90.298 g 41.222. 


— 
— — 
— im 
— 
| 
x 
4. Deriv y 27th to February 28th of t 


year, whe the was only within its banks, bat th the velocity, 


‘seen in diagram 4, ‘much beyond its | average e value. The section shore 


> 


Assuming that all the estimated discharge it in 1882, 2 000 


those now w existing, the heights would be 


3A. feet on gauge. 


rhich 1 hypothesis is is represented by th the area equation | of 4, would shen fl 
ore raise the flood plane ¢ at Carrollton 12. 6: feet. 
At Red River Landing the discharge c curve for the same atiala indi- 4 
st - cate ates ar rise to 59. 8 feet, or 11.3 3 feet above the flood plane of of 1882. a 
If, now, it be ‘supposed, contrary te to | the t teaching of the e diagrams and 


all port observed data, that | wd ‘capacity of the bed, which ree 


other thing than enlarged area, will enlarge so that the increased 


AS 4 Carrollton gauge, there is no reason to expect a materially greater mean 3 


: = than is now found. Using equation 2 (the ‘most favorable to 


volume will pease without raising the flood plane, taken as at 16 feet on the - = 


levees of those allowing f for variable section), present a1 area at Labarre 
base at 16’ tage we would be 170 250 square feet; mean velocity, 6.42 foot 
second, ‘and mean depth 64 feet. Allowing | that when discharge be- 


comes 2 8 200 000, : ” will will become 7. 7.33 feet, an area of 800 000 square f feot 
will be required, or about TT per cent. increase, ‘Since depth i is already: 
64 feet as a mean, there i is slight ground to expect material deepening, 
z but, if we allow that mean depth may become 75 feet, the width must — 
increase from 2 700 feet, as now, to 4 000, a ve of one-fourth mile. ¥ 


= 
— 
= ¥ 
— Equation 
—— Fl ation 4 A would be 208 640 square feet and v 10.54 feet when 
By equation 4 A would be 208 640 sq 
28.5. The highest stage on record is 15.9 feet, 
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<3 “Take the possible alternatives 
ynchanged height and bed enlarged, an and which be preferred 


tes 


Orta take any possible intermediate condition, and who: would desire it ? 
But the above is still an incomplete view. - tis It is only an an attempt | - 


answer how much change would be involved i in the > project. The 


ner how and place where of change remain to be considered. “" (ny what. 


follows, reference to any p 


nlarged bed and unraised food. line, there x must be, to provide enlarging 


force, previous complete retention between levees up to some high 


So far as as the porti on of ver u 
“which i is to make attains its “fall at ‘that 


s point. The work to be done lies along the whole 295. 


VEU 


gnd thence to the Gulf, and must 
and progress up stream ; for no principle of practical engineering is. eR 


re a established than \ that if if one would clear out 


‘carry the head, or height of flood, al along with t tex rk This is 
impracticable; therefore | a prime condition of successful ‘enlargement i is or 


“that the body of w water be carried to » the proper point of application, , and q ; 


that it shall not Ddegin it its erosive action until it arrives there. Levees. : 


‘may be built high enough and strong enough to convey the w: water, but | 2 
‘mo 0 device or on can secure ‘that erosion wil not too. 


opening through. it fill at the foot, its is ‘sure. i in 
attempted or threatened cut-offs. Scour, as the water leaves the upper 


bend, is no except to make ¢ a fill. on the ‘neck and defer 


— 
| 
4 
| 
| | 
2 
‘standard, and those levees must be much higher than those now existing 
eonsequently costly to construct and maintain, and always dangerous. | 
if 
| 
gg op — Kcavation ond 
3 transportation, he must begin at the lower end. _ Otherwise, he 
| 
| 
| 
| 
_River men care little what may be occurring at the head ofachanne) 
il 
CUL-OL, if @ Grain Opens and enlarges a 6 lower bend, the cute 
off is certain to be made. The argument advanced by the Commission 
tg itself aga in the report of March, 1880, that a delta will be 
— 


- formed i in front nt of an outlet from the material carried | out (end the more 
anickly a as the e enlargement at the end is greater to farnish 


The place of ot ealargument, “the bottom | o of the 


a project. 


between lateral end vertical scour, 1, assuming no more than that an action, 


uniformity. 4 This is than fair to levees; for banks and 


a equally free i in several directions, will be distributed with approximate 

Shi practically alike i in being unprotected and unprotectable, an and one 


4 


‘might say in material ‘also, "present an im important ‘difference. Clay 
; when at t the bottom, effectually resist abrasion | by but 
= little by their presence. 
to the | existence of nts at the bottom of the river, but were as to the 
‘continuity and nd geological age o of the clay.) 
or The existence of clay sy layers establishes a a strong prohtiy that, of 
given enlargement, 
lateral erosion takes place, the now w standing along margin 
a a the s river must be be broken, and no one, in in n the face ¢ of the . amount of en- 
a largement required, can say that they will be safe in any part. ‘The 


ee levees required to effect ocmuilite retention cannot, , therefore, be on the 


- 


base now occupied, but a new system m1 must be constructed far ined. 
- make no point he here of of the fact that most of the buildings and the 
most valuable lands ane close along t the ‘banks, and so endangered, i if no not 
devoted to destruction, by such a project. Nor do I care are about the cost 
a J of building such levees. Neither is it now ow material whether tl the enlarge- _ 
ment at any locality is is likely | to be wholly by widening 0 or by deepening. | 
My one question is: What disposition will be made of the material 


scoured, over 25 cubic yar ards to the of and 


enawer to to this not difficult. of 
: equal to that of the enlargement must find its } way to the sea, but in the 5. 


there is every season to that 1 | times volume 
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it is absolutely certain that that so long as as the r river follows a tortuous 
‘course, its depth, both longitudinally and transversely, will be very 43 


= unequal ; and with equal certainty the heavier material, whether —— 
from local scour or brought from above, will not be ca carried continuously 


= to the Gulf; but, as the swiftest current sways from one side 0 of the a 
to the . other, the coarse” and heavy particles will fall to the bottom. — 
Granting that fore every particle falling an equal volume of 


material is taken, there must be an accumulation of coarse me matter 
the bottom on ‘crossings and at convex sides of bend s. Erosion pro. 
duced by concentration | will therefore be, just like what is daily 


seen, located at the concave sides 0 of bends, on both aides at straight 


places, and always resulting in increase in width at the latter, | at the ex- a ee 
pense of depth. These processes, when begun, have ‘no assignable 2 


3 2 limit; stable nitions have then given place to permanent instability. a 7 


The stable conditions now prevailing in art of the river are the 

‘between m maximum n and minimum volume, infrequent ‘changes from 4 
one to the other, and those occurring about gradually. 


which would increase the number and rapidity of 


ee ane Concentration of flood water by levees is therefore proven | to be a BS). 

dangerous, yeaa destructive expedient, in every aspect in which it cn 
be viewed, when applied to that portion of the river which, by affording _ 

“freedom from complication, is best adapted to it, ‘if it were beneficial ; 


her here i is failure everywhere. If the proof 1 was lees conclusive, az 
deft. a a chance that that it might be beneficial, we would still have the common be — a ‘a 
question—Why disturb established favorable conditions for a bare 


chance that, in a readjustment, something more favorable x may turn up ? - 4 


have presented overwhelming proof against levees, as applied to 

. section. . On the other side, though ‘it has been leveed throughout — ee 
i for many years,’ ” the best that could t be sai said, after ' diligent study of the 

subject, was “There i is no evidence that the normal flood line of 
River, from. Red River to the head of the Passes, except 
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fore the ‘commencement the ‘system, but th 


By facts and 1 reasoning, I have now tested the levee theory, and a 


es shown its danger \ when applied to a particular part of the river. Not_ 
ae less pernicious would it be elsew here i in just about the degree of concen 4 


- tration, or or ‘augmented ma maximum, and increased frequency of of flood. 
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